The genus Dyella, which belongs to the family Xanthomonadaceae of Gammaproteobacteria, was proposed by Xie and Yokota [1] with D. japonica as the type species. At the time of writing, there were 11 Dyella species with validly published names since its establishment: D. japonica, D. koreensis [2] , D. kyungheensis [3] , D. ginsengisoli [4] , D. jiangningensis [5] , D. marensis [6] , D. soli [7] , D. terrae [7] , D. thiooxydans [8] , D. jejuensis [9] and D. humi [10] . Members of Dyella are isolated from soil and rhizosphere, and they may play an important role in mineral weathering and bioremediation of hydrocarbon-contaminated soils [5, 11] . Recently, a case of neonatal bacteraemia due to Dyella infection was reported, which shows that some Dyella species may be responsible for human infection [12] . A survey for soil microbes in the Dinghushan Biosphere Reserve (DHSBR), Guangdong Province, PR China (112 31¢ E 23 10¢ N) was carried out by this laboratory, which resulted in the recovery of many bacterial isolates. Preliminary identification based on 16S rRNA gene showed that some of them are potential novel species of Dyella. The purpose of this study was to determine the taxonomic position of the three isolates obtained during the survey, designated 4M-Z03 T , 4M-K16 T and DHG59 T by a polyphasic approach, including morphological and physiological characterizations, as well as phylogenetic analysis based on 16S rRNA and concatenated partial gyrB, lepA and recA gene sequences.
The soil samples were collected from the upper layer (0-25 cm) of the forest in DHSBR. The soil in the study sites is acidic, lateritic, red earth with a pH of 4.0-5.0. For the isolation, a medium designated MM1F (0.04 g l À1 MgSO 4 .7H 2 O, 0.5 g l À1 fructose, 0.02 g l À1 CaCl 2 .2H 2 O, 0.05 g l À1 yeast, 15 g l À1 agar, pH 5.5) was used. The soil samples were suspended in PBS buffer, and the resulting suspensions were serially diluted with the same buffer and then plated on the MM1F medium. Each plate was inoculated with 100 µl suspension and incubated at 28 C for a week. Once a single colony was obtained, it was purified by subculturing three times at the same conditions. The strains 4M-Z03
T , 4M-K16
T and DHG59 T were obtained in this way, and they were stored at À80 C with 25 % (v/v) glycerol in a freezer.
Growth of strains 4M-Z03
T , 4M-K16 T and DHG59 T on tryptic soy agar (HKM), nutrient agar (HKM), R2A agar (HKM) and MacConkey agar (HKM) medium was evaluated, and the results showed the best growth was achieved on R2A agar at 28 C for 2 days. As a result, these three strains, together with the type strains of D. koreensis, D. marensis and D. jejuensis, which were used as references in this study, were routinely grown aerobically on R2A agar at 28 C except otherwise stated.
Cell morphology was observed under a Nikon light microscope (Â1000 magnification) with cells grown on R2A agar for up to 5 days at 28 C. Cell motility was studied by observing the development of turbidity throughout a tube of semisolid R2A agar inoculated by stabbing. Gram staining was carried out using the standard staining protocol [13] . Catalase activity was determined by assessing bubble production in 3 % (v/v) H 2 O 2 , and oxidase activity was detected by using 1 % (w/v) tetramethyl-p-phenylenediamine. Tests for the hydrolysis of casein, starch [14] and Tween 80 [15] were assessed after 3 days incubation at 28 C. Determination of utilization of carbon and nitrogen sources, activities of constitutive enzymes and other additional biochemical characteristics was performed using API ZYM, API 20 NE and API 50 CHB/E galleries (bioM erieux) according to the manufacturer's instructions. The R2A liquid medium was used for testing the range and optimal growth temperature, pH and salinity of the bacterial strains tested. The temperature and pH were tested within the ranges 4-42 (4, 10, 20, 25, 28, 33, 37 and 42 C) and pH 3.0-10.0 (at 0.5 intervals), respectively. Salinity tolerance was tested by adding 0-5 % NaCl (w/v, at 0.5 % intervals). The growth of the bacteria was determined by monitoring the bacterial density using a spectrophotometer with the wavelength of 600 nm after 3 days incubation under the tested conditions, except for the temperature of 4 and 10 C, which was determined by observing the growth of the culture on R2A agar plates. Susceptibility of strains 4M-Z03
T , 4M-K16 T and DHG59 T to antibiotics was investigated by the agar diffusion method using 0.5 McFarland bacterial suspensions plated onto R2A agar medium for 2 days at 28 C. The following antibiotics were tested: amikacin (30 µg), chloramphenicol (30 µg), ciprofloxacin (5 µg), erythromycin (15 µg), gentamicin (10 µg), kanamycin (30 µg), netilmicin (30 µg), novobiocin (5 µg), penicillin (10 IU), polymyxin (300 IU), streptomycin (10 µg), tetracycline (30 µg), tobramycin (10 µg) and vancomycin (30 µg). The antimicrobial susceptibility was determined by measuring the zone of inhibition.
Strains 4M-Z03
T , 4M-K16 T and DHG59 T showed a range of typical phenotypic properties of the genus Dyella [1, 9] . They were aerobic, Gram-stain-negative, rod-shaped, nonmotile or motile (Fig. S1, T but not 4M-Z03 T . The strain 4M-Z03 T is sensitive to all the previously mentioned antibiotics, whereas the strain 4M-K16
T is resistant to chloramphenicol, ciprofloxacin, erythromycin, kanamycin, novobiocin, penicillin, polymyxin, streptomycin, tetracycline and vancomycin, but sensitive to amikacin, gentamicin, netilmicin and tobramycin. The strain DHG59
T is resistant to chloramphenicol, erythromycin, penicillin, polymyxin and vancomycin, but sensitive to amikacin, ciprofloxacin, gentamicin, kanamycin, netilmicin, novobiocin, streptomycin, tetracycline and tobramycin. Other phenotypic features are included in the species descriptions. The characteristics that differentiate strains 4M-Z03
T , 4M-K16 T and DHG59 T , as well as the type strains of the closely related species of Dyella, are summarized in Table 1 .
Genomic DNA from 4M-Z03
T , 4M-K16 T and DHG59 T was prepared using a commercial genomic DNA extraction kit (GenStar) and used as templates for PCR amplifications. The universal primers 27F and 1492R [16] and the primers listed in Table S1 were used for amplification of the 16S rRNA and the partial gyrB, lepA and recA genes, respectively. The amplifications were performed using 2 µl genomic DNA in 25 µl reaction mixtures containing 1Â PCR buffer (Qiagen), 1 U Taq polymerase (Genstar), 250 mM each dNTP (Genstar) and 1 mM each primer. The cycling conditions were as follows: an initial denaturation step at 94 C for 4 min followed by 32 cycles of 94 C for 30 s, 60-61 C for 30 s and 72 C for 2 min and a final extension at 72 C for 5 min in a thermocycler (Peltier Thermal Cycler, PTC-100). The PCR products of the three housekeeping genes were purified using E.Z.N.A. Gel Extraction kit (Omega) and then used as templates for direct sequencing, whereas those of the 16S rRNA genes were cloned into pMD18-T vector (TaKaRa) using TA cloning method before sequencing. Sequences were determined by the Sanger sequencing protocol and then aligned with the reported sequences of closely related strains with CLUSTAL W program [17] . The partial gyrB, lepA and recA genes of the reference Dyella species were sequenced using the same method. Then, the newly determined gene sequences of 16S rRNA, partial gyrB, lepA and recA used in this study were submitted to GenBank (Table S2 ). The concatenated gyrBlepA-recA gene sequence trees were reconstructed by means of neighbour-joining (NJ), maximum-likelihood (ML) and minimum-parsimony (MP) methods using the MEGA5 program [18] , whereas the similarity and pairwise distance values were calculated using MegAlign software (DNASTAR). The resultant tree topologies were evaluated by bootstrap analyses based on 1000 replications [19] .
The 16S rRNA gene sequence analysis showed that the topologies of phylogenetic tree generated by NJ ( Fig. 1 ), ML and MP methods (data not shown) were very similar, which consistently showed that strains 4M-Z03
T , 4M-K16 T and DHG59
T formed a highly supported clade with D. humi DHG40 T within the genus Dyella. The sequence similarities between strains 4M-Z03
T , 4M-K16 T , DHG59 T and D. humi DHG40
T ranged from 97.8 to 98.3 % (Table S3) , which was lower than the novel species threshold of 98.65 % [20] , indicating that the three strains examined may represent three novel species closely related to D. humi. A concatenated partial gyrB , lepA and recA gene sequence dataset was used to further examine the taxonomic position of the strains 4M-Z03 T , 4M-K16 T and DHG59 T . The result obtained strongly supported the aforementioned conclusion made on 16S rRNA gene sequence analysis. The topology of NJ tree . All data were obtained from this study except the DNA G+C content, motility, pH optimum and NaCl tolerance which were from the original studies. +, Positive; W, weakly positive; À, negative. 
Biochemical characteristics
Aesculin hydrolysis
Utilization of: Fig. 2 ) based on the dataset was very similar to that of the ML and the MP tree (data not shown), which consistently showed that strains 4M-Z03 T , 4M-K16 T and DHG59
T formed distinct phyletic lines within the genus Dyella. The sequence similarities among strains 4M-Z03 T , 4M-K16 T and DHG59 T , and the type strains of three closely related described Dyella species were below 89.5 % (Table S4 ). The evolutionary distances between strains 4M-Z03
T , 4M-K16 T and DHG59 T were 11.6-14.2, which is higher than those between the closely related described species of the genus, such as D. koreensis and D. marensis (10.3). Phylogenetic analysis based on sequences of both the 16S rRNA gene and the three housekeeping genes consistently showed that strains 4M-Z03T, 4M-K16
T and DHG59 T represent three novel species of the genus Dyella.
DNA-DNA hybridizations were performed among isolates 4M-Z03
T , 4M-K16 T , DHG59 T and D. humi DHG40 T (the closest-related Dyella species phylogenetically). DNA-DNA hybridizations were studied using the fluorometric microwell method [21, 22] , with eight replications for each hybridization reaction. The highest and lowest values obtained for each sample were excluded, and the means of the remaining six values were converted to percentage DNA-DNA relatedness values [23] . The DNA G+C content was determined by HPLC analysis of deoxyribonucleosides as described by Mesbah et al. [24] . 
Dyella thiooxydans ATSB10 T (EF397574)

Frateuria aurantia DSM 6220 T (AJ010481)
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Dyella terrae JS14-6 T (EU604273) T   and 4M-K16  T , 4M-K16  T and DHG59  T , 4M-Z03  T and  DHG59 T as well as 4M-Z03 T and DHG40 T was 34, 38, 35 and 45 %, respectively, which were significantly lower than the cut-off point (70 %) for the delineation of genomic species [25] . The DNA G+C content of strains 4M-K16
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T , 4M-Z03 T and DHG59 T was 58.2, 59.0 and 58.8 mol%, respectively, which was slightly lower than that of the published Dyella species (60.3-67 mol%) [7, 10] .
To determine the fatty acid composition, strains 4M-Z03
T , 4M-K16 T and DHG59 T were grown on R2A agar at 28 C for 48 h. Fatty acid methyl esters were obtained from 40 mg cells by saponification, methylation and extraction using minor modifications of the method of Miller [26] and Kuykendall et al. [27] . The fatty acid methyl ester mixtures were separated using Sherlock Microbial Identification System (MIS) (MIDI, Microbial ID). The quinones were isolated according to the methods of Minnikin et al. [28] and separated by HPLC [29] . Polar lipids were extracted and analysed by two-dimensional TLC according to Minnikin et al. [28] .
Major fatty acids in strains 4M-Z03
T were iso-C 15 : 0 (14.7-21.3 %), iso-C 16 : 0 (8.1-23.7 %) and iso-C 17 : 1 !9c (13.5-19.7 %), which is in agreement with that of the genus Dyella. However, the presence of C 15 : 1 !5c and C 15 : 1 !6c distinguished strains 4M-Z03 T and 4M-K16
T from the other closely related strains. Levels of iso-C 15 : 0 (14.7, 25.8 and 21.3 %) and iso-C 16 : 0 (23.7, 16.9 and 8.1%) in 4M-Z03
T , 4M-K16 T and DHG59 T , respectively, differed significantly among them ( Table 2 ). The isoprenoid quinone of strains 4M-Z03
T was Q-8, as in all known members of the genus Dyella. The major polar lipids for strains 4M-Z03
T , 4M-K16 T and DHG59 T were phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and several unidentified aminophospholipids and phospholipids (Fig.  S2) . However, strains 4M-Z03
T , 4M-K16 T and DHG59 T had differences in some minor components, such as several of the unidentified aminophospholipids and phospholipids. The absence of diphosphatidylglycerol distinguished strain 4M-Z03 T from 4M-K16 T and DHG59 T . The major polar lipids of the three strains, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, unidentified aminolipids and unidentified phospholipids, are consistent with previously published Dyella species [5, [8] [9] [10] .
Based on the phenotypic, chemotaxonomic and phylogenetic data presented above, we therefore suggest that the three bacterial strains examined represent three novel species of the genus Dyella, for which the names Dyella acidisoli sp. nov., Dyella flagellata sp. nov. and Dyella nitratireducens sp. nov. are proposed, with strain 4M-Z03
T as the type strain, respectively. 
DESCRIPTION OF DYELLA ACIDISOLI SP. NOV.
Dyella acidisoli (a.ci.di.so¢li. L. adj. acidus acidic; L. neut. n. solum soil; N.L. gen. neut. n. acidisoli of acidic soil).
Cells are Gram-stain-negative, aerobic, motile by one polar flagellum, non-spore-forming rods (0.3-0.5Â1.0-4.5 µm); colonies are circular, convex, yellow coloured and 1.0-1.5 mm in diameter on R2A agar after 2 days incubation at 28 C; growth occurs on nutrient agar, but neither on LB nor MacConkey agar; grows at 10-42 C (optimal 28 C), pH 4.0-7.0 (optimal pH 5.5-6.0) and with 0-0.5 % (optimal 0 %, w/v) NaCl; catalase negative and oxidase positive. Nitrate is not reduced to nitrite. Tween 80 is hydrolysed but aesculin, casein, gelatin and starch are not. H 2 S and indole are not produced. Enzyme activity result is positive for alkaline phosphatase, acid phosphatase, a-galactosidase, a-glucosidase, a-mannosidase, a-fucosidase, b-galactosidase, esterases (C4 and C8), glucose fermentation, leucine arylamidase, naphthol-AS-BIphosphohydrolase, N-acetyl-b-glucosaminidase and valine arylamidase, but negative for arginine dihydrolase, a- Cells are Gram-stain-negative, aerobic, non-motile, nonspore-forming rods (0.2-0.4Â1.2-2.0 µm); colonies are circular, convex, yellow coloured and 1.0-1.5 mm in diameter on R2A agar after 2 days incubation at 28 C; growth occurs on nutrient agar, but neither on LB nor MacConkey agar; grows at 10-42 C (optimal 28 C), pH 4.0-7.5 (optimal pH 5.0-6.0) and with 0-3.0 % (optimal 0 %, w/v) NaCl; catalase negative and oxidase positive. Nitrate is reduced to nitrite. The aesculin is hydrolysed but Tween 80, casein, gelatin and starch are not. China. The DNA G+C content of the type strain is 58.8 mol%.
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